There has been increasing interest in the quality of food produced in the sub-Saharan Africa and organic fertilizers can be used as palliative for eradicating malnutrition and improving the livelihood of the populace. A study was conducted in two phases, 4 × 5 × 2 and 2 × 4 factorial experiments in a completely randomized design with three replicates at the Department of Agronomy screenhouse, University of Ibadan, Nigeria. In the first experiment, five N levels (0, 20, 40, 60 and 80 kgN/ha) were combined with two P levels (0 and 20 kgP/ha) using urea and single superphosphate, respectively and four varieties (Roma VF, UC82B, Rio grande and Roma savana) of tomatoes were used. In the second experiment, optimum rates (60 kgN and 20 kgP/ha) from the first experiment formed the basis for the application of urea + SSP, urine + ORP, urea + SSP + urine + ORP and control. The best-performing varieties (Rio grande and Roma savana) in the first experiment were used. Data were subjected to analysis of variance. Combined application of N and P had higher N use efficiency and nutrient uptake than sole application of N or P. Urine + ORP based fertilizer mixtures were best for nutrient uptake and crop utilization of N and P. Increasing N levels led to decrease in nutrient use efficiency. Application of urine + ORP and urea + SSP gave better fruit qualities. The descending order of varietal superiority with respect to nutrient uptake, utilization and quality was: Rio grande > Roma savana > Roma VF > UC82B. Thus, urine + ORP based fertilizer mixtures have great potentials as substitutes for urea + SSP in the production of tomatoes.
Introduction
Tomato products, the humble staple cuisines across the globe, are emerging as foods that hold particular promise in promoting health among the populace.
Tomatoes are among the most popular vegetables in Nigeria, second only to potatoes [1] . Nigeria accounts for 2.2 million MT produced on an area of 574,441 ha, with average yield of 4 t/ha [2] . Tomato fruit is considered as one of the important sources of vitamin C, carotenoids and other minerals such as iron and phosphorous that are necessary for healthy growth. It was also affirmed that tomato fruits do not only constitute a great source of lycopene but also contain carotenoids with a high oxygen-radical scavenging and quenching capacity [3] [4]. Soils in sub-Saharan Africa have been found to be infertile and characteristically low in soil organic matter content and cannot support intensive cultivation due to the rapid rate of fertility decline when intensively cropped [5] . One of the ways to solve this problem is through the use of inorganic fertilizers such as urea and single superphosphate but the hazardous environmental consequences and their high cost make them not only undesirable but also uneconomical and out of reach of the poor farmers who dominate the Nigerian agricultural sector [6] .
Human urine as an alternative contains plant nutrients (especially nitrogen) which are cheap, readily available and useful for increase in food production and improving soil fertility [7] . According to [8] , the annual amount of human urine of one person corresponds to the amount of fertilizer needed to produce 250 kg of cereal that one person needs to consume per year; thus it is possible to have good quantity of human urine as fertilizer [9] for crop production. Human urine has been compared successfully with commercial chemical fertilizer using many types of vegetables and crops [10] [11] .
The direct application of ground, natural rock phosphate as a source of phosphorus for crops is a practice that has been utilized with varying degrees of success over years. Phosphorus application on the other hand is known to initiate root growth in tomato, enhancing early establishment after transplanting from the nursery or after direct field seeding. Furthermore, in commercial screenhouses, the use of N-based fertilizer for tomato production often exceeds crop requirement [12] . Likewise, investigations have shown that increasing N application increases the concentration of vital chemical components e.g. phytonutrients [13] . It has also been observed that excess N can adversely affect fruit quality [14] . However, there is meagre information on the effects of combined application of human urine and Ogun rock phosphate (ORP) on nutrient uptake, use efficiency and nutritional quality of tomato. Thus, the main objective of this study was to evaluate the effects of these fertilizer treatments on nutrient 
Materials and Methods

Soil Collection
The soil collected was a loamy sand from Parry road with coordinates: latitude 7˚27'N and longitude 3˚53'E on an altitude of 321.5 m at the University of Ibadan, Ibadan, Nigeria in June 2016. Soils were sampled at 0 -15 cm depth and were air dried, mixed properly and passed through 2 mm sieve, and then stored for physical and chemical analysis.
Physical and Chemical Analysis
Routine physical and chemical analysis of the soil samples were carried out as described in the laboratory manual of the department of Agronomy, University of Ibadan, for analysis of soil, plant and water by [15] . Otherwise, the method is stated. Particle size analysis was determined by the hydrometer method [16] . Soil pH was determined on a 1:2 (soil:water) ratio after 15 minutes equilibration period using a glass electrode calibrated to buffers pH 4, 7 and 9. Organic carbon was determined by the dichromate wet oxidation method [17] . Exchangeable acidity was extracted with 1 N KCl and titrated against 0.01 N NaOH as described by [18] . Total Nitrogen was determined by the Kjeldahl method as described by [19] . Exchangeable cations (Ca, Mg, K and Na) were extracted with 1 N NH4OAc (pH 7) at a soil: extraction solution ratio of 1:10 for 15 minutes at 105˚C. Micro nutrients such as Fe, Mn, Cu and Zn were extracted with 0.1 N HCl and their amounts were determined by Atomic Absorption Spectrophotometer. Phosphorus was extracted by Bray P-1 solution and the P in the extract determined by the Molybdenum blue colour method of [20] .
Screenhouse Experiments
The investigation was carried out at the department of Agronomy screenhouse, The four varieties of tomato were procured from Agrotropics (Technisem), Ibadan, Oyo State, Nigeria.
The first and second experiments were carried out on the same soil type with polythene bags of 5 kg capacity filled with 4.5 kg soil. Urea and superphosphate were applied a day prior to transplanting in the first experiment while in the second experiment, Ogun rock phosphate and human urine were applied two (2) weeks and three (3) days before transplanting respectively. Twenty eight days after sowing, healthy seedlings of uniform height (growth) were selected. At six weeks after transplanting (prior to first fruit production) in the first and second experiments, destructive samplings were carried out to determine the nutrient contents (nitrogen and phosphorus) and uptake. The above ground portions were weighed to determine the fresh weight, enveloped and oven dried to a constant weight at 80˚C for 48 hrs after which they were re-weighed. Proximate analysis was later carried out to determine the pH, lycopene, β-carotene (vitamin A), ascorbic acid (vitamin C) and titratable acidity contents of ripened tomato fruits.
The nutrient uptake is calculated using the formula below:
Nutrient uptake (g/kg) = % Nutrient content in plant tissue × DMY (g/plant);
where DMY is the dry matter yield.
In the first and second experiment, the nitrogen and phosphorus use efficiencies were calculated based on fresh fruit weight and dry shoot biomass using the formula; 
Nutrient Content, Human Urine and Ogun Rock Phosphate Analysis
The properties were determined by the method outlined by [21] . Total Nitrogen was determined by the Kjeldahl method as described by [22] , while total P was determined by the vanadomolybdate (yellow) method of [23] .
Proximate Analysis
The pH was determined by washing the pH electrode with distilled water and placed in each sample. Readings were taken after few moments of stability. Ti- 
Data Analysis
The collected data were subjected to analysis of variance using GENSTAT 4 th Edition, 2016. Means were separated using Duncan's Multiple Range Test (DMRT) at 5% level of significance.
Results
Soil and Fertilizer Nutrient Sources Analysis
The pre-cropping chemical properties and particle size distribution of the soil used in the study is shown in (Table 1 ). The pre-cropping soil analysis showed that the soil is loamy sand with good moisture retention properties. Most of its chemical properties are below the critical values, especially for nitrogen and phosphorus with values of 0.1 g/kg and 3 mg/kg respectively. The organic carbon and potassium were 13.8 g/kg and 0.5 cmol/kg, respectively. The pH of 6.0 is within the range considered favorable for vegetable crop production. The chemical characteristics of the nutrient sources used for second experiment (Table 2) reveals that human urine as a nitrogen source had a concentration of 0.57% N while the phosphorus concentration was 0.01% and Ogun rock phosphate (ORP) contained 0.43% P.
Experiment 1 3.2.1. Tomato Shoot Biomass
The effects of N and P fertilizer treatments and varieties were significant on fresh and dry shoot of tomato (Table 3) . Application of 60 and 40 kgN plus 20 kgP/ha gave the highest fresh (24.4 g/plant) and dry (3.2 g/plant) shoot weight per plant, respectively while the control gave the least fresh (3.01 g/plant) and dry (0.62 g/plant) shoot weights. Application of P at each level of N resulted in higher fresh shoot weight compared with the corresponding no P. With or without P, fresh shoot weight of tomato increased with N rate from 0 to 40 kg/ha while the trend was only observed without P for dry shoot weight. Fresh and dry shoot weights of tomato followed the order Roma savana > Rio grande > Roma VF > UC82B.
Nutrient Content and Uptake by Tomato Plants
Application of 80 kgN + 20 kgP/ha and 60 kgP/ha gave the highest values (0.28% and 0.21%) for N and P contents respectively while the control gave the least values ( Table 3 ). The control gave the least (0.08 g/kg) value while fertilizer treatment A. S. Egbebi, E. A. Akinrinde Table 3 . Effects of nitrogen and phosphorus fertilizer treatments and variety on shoot biomass, nutrient content and uptake by tomato plants in the first experiment. of 80 kgN + 20 kgP/ha gave the highest (0.65 g/kg) value of nitrogen uptake.
Application of 60 kgN + 20 kgP/ha had the highest (0.62 g/kg) value and the control gave the least (0.05 g/kg) value for phosphorus uptake by tomato. Roma savana had the highest P content and N and P uptake while Roma VF had the highest N content. The least N content and N and P uptake were observed with UC82B while Roma VF had the least P content.
Nutrient Use Efficiency by Tomato Plant
The nutrient (nitrogen and phosphorus) use efficiency by tomato varieties (Table 4) with N application levels either with P or without P application were significant. On dry shoot weight (biomass) basis, nitogen use efficiency of plants treated with sole application of nitrogen (without P 0 ) was at maximum (9.7 g/g) 
Experiment 2 3.3.1. Tomato Shoot Biomass
The fresh tomato shoot weight (Table 5) were significantly (P < 0.01) affected by fertilizer treatments. Application of urine + ORP had the maximum fresh shoot weight (32.5 g/plant) but the effects of urea + SSP (27.1 g/plant) and urea + SSP + urine + ORP (25.9 g/plant) were comparable with each other as well as the control (untreated plant) had the least fresh shoot (21.5 g/plant) weight. Effects of fertilizer treatments and varieties on dry shoot weight g per plant were significant (P < 0.05) across the fertilizer treatments. Application of urine + ORP had the highest dry shoot weight (5.46 g/plant) while the control had the least (3.38 g/plant). Roma savana gave a dry shoot weight (4.29 g/plant) higher than Rio grande (4.27 g/plant) which was comparable to the maximum.
Nutrient Content and Uptake by Tomato Plant
The N content of tomato leaves were significant for all the treatments applied.
Application of urea + SSP gave a maximum N content (0.29%), while urine + ORP (0.26%) and urea + SSP + urine + ORP (0.22%) had N content comparable to the maximum whereas the control resulted to the least N content (0.19%). Roma savana gave the highest values for P content and uptake. Fertilizer treatments and variety interaction were not significant across the parameters observed except for dry shoot weight.
Nutrient Use Efficiency by Tomato Plant
On total dry shoot weight basis (Table 6) kg/kg, P-21.1 kg/kg). Furthermore, nitrogen and phosphorus use efficiencies were higher with Roma savana (N-11.2 kg/kg, P-40.2 kg/kg) than Rio grande (N-7.2 kg/kg, P-22.3 kg/kg).
Quality Parameters of Tomato Varieties
Tomato fruit proximate compositions were significantly influenced by fertilizer treatments (Table 7 ). The pH of the tomato fruit ranges from 5. Rio grande had the highest (0.7) titratable acidity content for the control while other treatments were comparable to one another (0.6). Furthermore, application of urine + ORP gave the highest mean (0.7) of titratable acidity compared with other fertilizer treatments with the same value (0.6).
Discussion
The pre-cropping soil analysis of the study indicated a low level of N, P and K which were inadequate to support optimum growth of tomato. The low levels of N, P and K observed are expected to cause a depression in the rate of photosynthesis as plants growth is markedly restricted especially under P deficiency, which retards growth, tillering and delay fruiting. This finding corroborates earlier findings of [24] who reported that most of Nigerian soil is deficient in N, P and K even organic matter. The increase in nutrient content, uptake (experiment 1) in plants treated with N and P fertilizers compared with sole application of nitrogen alone supports the findings of [25] , that the relative growth rate of tomato increases sharply as soil P and K concentration increases. The levels of P and B in the soil are critical to tomato production since its deficiency suppresses leaf nitrogen concentration due to increase in leaf cytokinin levels.
There was higher N and P use efficiency in combined application of N and P fertilizers than sole application of N and the more the quantities of fertilizer used, the less the efficiency of the crop to use N and P. This was in line with the report of [26] on P use efficiency by pepper and okra. High fresh, dry shoot weight (biomass) and nutrient uptake of plants nourished with organic (urine + ORP) fertilizer could be due to the fact that the materials contained sufficient nutrients but the nutrients are slowly released to the plants which prevented nutrient loss by leaching, thus improving nutrient use efficiency. This might have contributed to higher N and P use efficiency of organic fertilizer (urine + ORP)
and OMF mixtures (urea + SSP + urine + ORP) on dry shoot weight and fresh fruit weight respectively than inorganic fertilizer (urea + SSP). It could be observed that urine + ORP based fertilizer gave a better plant performance in terms A. S. Egbebi, E. A. Akinrinde of nutrient use efficiency and quality than urea + SSP, which supports the findings of [27] that human urine-compost combination 1:2 or 2:1 gave improved yield, shelf life and soil fertility than mineral fertilizers (NPK 15:15:15) . He reported that human urine could be a good fertilizer for producing tomatoes and if combined with compost, effects are better.
Fertilizer treatment of urine + ORP caused a low pH (5.3) of tomato. Fruit pH is important in fresh consumption as low pH enhances its taste and flavor. [28] stated that quality of fruit is related to its acidity. This finding also corroborates the findings of [29] that organic fertilizer (manure) irrespective of the type caused a lower pH of tomato fruit. The decrease in titratable acidity (TA) is as a result of the increase in pH. The application of urine + ORP (which had a low pH than other treatments) had the highest TA. This relationship between pH and TA observed in this study agrees with the findings of [30] .
In this study, the value of vitamin C content of the fruit ranges between 68.8 to 77.8 mg/100g was higher than that of [3] with mean value ranging 15 to 23 mg/100g; this difference observed might be due to varietal forms and fertilizer treatments. Lycopene content was highest in inorganic fertilizer (urea + SSP)
followed by organic fertilizer (urine + ORP) and OMF mixtures (urea + SSP + urine + ORP). This observed trend corroborates the study of [31] and this might be connected with the molecular structure of lycopene as a liposoluble micronutrient thereby suggesting more tendencies to remain in semi-soluble form in inorganic fertilizer (urea + SSP) than in organic materials like urine + ORP, thus affecting the concentrations [32] .
